Background--Takotsubo syndrome (TTS) mimics acute myocardial infarction in the absence of culprit coronary artery disease and is more common in women. Spontaneous coronary artery dissection (SCAD) shares a predilection for women, can result in left ventricular wall motion abnormalities similar to TTS, and may manifest subtle angiographic findings. The aim of this study was to determine the frequency of SCAD misdiagnosed as TTS.
T akotsubo syndrome (TTS) is characterized by transient left ventricular (LV) dysfunction with a clinical presentation that mimics acute myocardial infarction (MI). 1 LV wall motion abnormalities in TTS occur in the absence of culprit coronary artery disease and typically extend beyond a single coronary distribution. In a majority of TTS cases, a pattern of apical LV hypokinesis and ballooning with hyperdynamic basal LV segments is observed. 1 TTS disproportionately affects women, is often preceded by emotional or physical stressors, and is associated with outcomes that are similar to or more favorable than those of MI. 2, 3 Spontaneous coronary artery dissection (SCAD) is an underrecognized cause of MI that occurs due to an intimal disruption or intramural hematoma unrelated to atherosclerosis. 4 SCAD occurs in 2% to 4% of MIs and shares several clinical features with TTS. 5 As in TTS, SCAD has a predilection for women and is precipitated by emotional or physical triggers in up to 57% to 66% of cases. [4] [5] [6] [7] [8] [9] [10] SCAD is most often reported in women younger than 50 years, 4 whereas TTS tends to affect postmenopausal women. 1 The left anterior descending (LAD) coronary artery is most often affected by SCAD, 5, 11 which may result in LV wall motion abnormalities similar to those observed in TTS. Wall motion abnormalities may be transient in patients with SCAD, depending on the extent of infarction, further obscuring the underlying diagnosis. Because SCAD may manifest subtle angiographic findings, meticulous review of coronary angiography and intracoronary imaging may be required to establish this diagnosis.
Because of the overlapping clinical presentations in these mechanistically distinct syndromes, SCAD may be easily misdiagnosed as TTS, and in theory the 2 syndromes may occur simultaneously. [12] [13] [14] [15] [16] The aim of this study was to determine the prevalence of SCAD in a large cohort of patients assigned a diagnosis of TTS in routine clinical practice.
Methods
All data and supporting materials have been provided with the published article.
We retrospectively reviewed medical records of adults aged ≥18 years who were hospitalized at NYU Langone Health or Bellevue Hospital Center and were referred for consideration in the NYU Takotsubo Registry Study between February 2004 and May 2018 based on a physician-assigned provisional diagnosis of TTS (n=103). Among these, 80 patients had coronary angiographic images available for review. Patients were eligible for inclusion in this study if LV wall motion abnormalities occurred in a pattern consistent with TTS and there was no evidence of causative obstructive coronary artery disease, consistent with ESC diagnostic criteria for TTS. 1 Clinical coronary angiograms were retrospectively reviewed by a cardiologist who is an independent, international expert in spontaneous coronary dissection (J.S.) and who was blinded to LV imaging and clinical data. The independent expert was asked to review angiograms for evidence of SCAD, without being aware of the purpose of this study. Specifically, the provisional diagnosis of TTS was not disclosed and left ventricular angiograms were not provided for review. Any suspected SCAD was defined according to the Saw angiographic classification, as previously described. 17 Briefly, type 1 SCAD was assigned when contrast staining and a linear radiolucency suggestive of a dissection flap were present. A diagnosis of type 2 SCAD was assigned when there was an abrupt decrement in arterial caliber with diffuse narrowing, either bounded by normal artery segments (type 2A) or extending to the distal branches of the vessel (type 2B). Type 3 SCAD was characterized by a focal tubular stenosis in a vessel otherwise free of atherosclerotic disease. If angiographic imaging diagnostic for SCAD was present, cases were classified as "definite SCAD." Suspected cases of SCAD were classified as "indeterminate" when further testing with intracoronary imaging or repeat angiography would have been necessary to confirm the diagnosis. Following an initial blinded review, the SCAD expert reviewer was unblinded and asked to rereview the angiograms with the left ventriculography included to ensure that the wall motion patterns corresponded to the territory of the vessel affected by SCAD.
Full medical record review was performed to abstract demographics, clinical comorbidities, and key laboratory findings. The presence of any emotional or physical triggers preceding a provisional diagnosis of TTS was ascertained from patient report as documented in the medical record. All 12lead ECGs were reviewed to identify ST-segment-elevation MI; the remaining cases were designated as non-STsegment-elevation MI. Patterns of LV wall abnormalities were classified based on the InterTAK diagnostic criteria using LV imaging from echocardiography and/or invasive ventriculography. 3 
Statistical Analyses
Continuous measures following a normal distribution are shown as means and SDs; continuous variables with a nonnormal distribution are displayed as medians and interquartile ranges. All statistical tests were performed in SPSS 25.0 (IBM, Armonk, NY). The study was approved by the New York University School of Medicine Institutional Review Board. Because this was a retrospective analysis, patients were not contacted, and requirement for informed consent was waived.
Results
A total of 80 patients with a clinical provisional diagnosis of TTS who were referred for consideration in the NYU Takotsubo Registry Study were included. The mean age was
Clinical Perspective
What Is New?
• Takotsubo syndrome (TTS) and spontaneous coronary artery dissection (SCAD) may present with similar clinical characteristics including symptoms of chest pain, elevated cardiac biomarkers, and similar wall motion patterns on echocardiography. • At least 2.5% of patients presenting with a provisional diagnosis of TTS had angiographic evidence of SCAD. • Angiography alone may be insufficient to definitively exclude a diagnosis of SCAD in up to 9% of patients presenting with a provisional diagnosis of TTS.
What Are the Clinical Implications?
• SCAD should be considered as a differential diagnosis in patients presenting with TTS. • Careful review of angiography for patients presenting with TTS is required to avoid a missed diagnosis of SCAD. • Intracoronary imaging may be warranted in patients with provisional TTS among whom angiography cannot definitively rule out SCAD. 71.3AE11.5 years and 78 (98%) were women. The majority of patients had the apical wall motion pattern (95%) and presented with an initial diagnosis of non-ST-segmentelevation MI (69%). See Table 1 for clinical characteristics of all study patients. The independent expert performed a review of all coronary angiography blinded to the provisional diagnosis of TTS and to left ventriculography. Two patients (2.5%) with a provisional diagnosis of TTS were retrospectively assigned a diagnosis of definite type 2b SCAD involving the LAD coronary artery based on the angiographic review. In both cases there was diffuse narrowing and tapering of the distal LAD, extending to the terminal vessel ( Figure) . The diagnosis of SCAD was supported by the absence of concomitant atherosclerosis in the proximal LAD or in other coronary vessels. Demographics and clinical data for these patients are presented in Table 2 . Both patients had apical wall motion abnormalities suggestive of TTS.
An additional 7 patients (9%) were assigned a diagnosis of "indeterminate SCAD" in the LAD based on expert angiographic review. These cases would have required additional angiographic views, intracoronary imaging, or repeat coronary angiography at follow-up to confirm or exclude SCAD. In all of these cases LAD segments were suspicious for SCAD. Indeterminate cases included possible type 2a SCAD in 4 cases, type 2b SCAD in 1 case, and type 3 SCAD in 1 case. In 1 case the patient had tortuous arteries concerning for coronary fibromuscular dysplasia, and intracoronary imaging would have been required for diagnostic confirmation. In 6/7 (86%) cases the wall motion abnormalities included the apex. In the remaining case the wall motion pattern was midventricular without apical involvement; thus, it did not correspond to the arterial segment affected by possible type 3 SCAD and was unlikely to be the cause of wall motion abnormalities in this case. In 3 of the 6 remaining possible SCAD cases, the LV wall motion abnormalities extended beyond the territory expected to correspond to the affected coronary segment, such as to the mid-inferior wall. Clinical characteristics of patients with definite or indeterminate SCAD and patients with TTS without SCAD were compared and were not significantly different between groups (Table S1 ).
Discussion
Takotsubo syndrome and SCAD are distinct clinical entities characterized by chest pain, elevated troponin, and/or ECG changes. Both syndromes share a predilection for women and an association with predisposing emotional or physical stressors. In 52% of SCAD cases the LAD is affected, which may result in apical wall motion abnormalities that are indistinguishable from those characteristically observed in TTS. 8 In the present study we identified that 2.5% of patients with a provisional diagnosis of TTS based on characteristic regional wall motion abnormalities in the absence of severe coronary stenoses had definite angiographic evidence of SCAD on expert angiographic review.
Our study cohort included patients who received a provisional diagnosis of TTS at the time of their index presentation. Patients identified with SCAD in this series were older than previously reported in small cohorts (mean age 45-53 years). 5, 13 In contrast, the mean age of patients with SCAD in the National Inpatient Sample (N=7347) was 62AE15 years, suggesting that SCAD may frequently affect older adults. 18 Furthermore, SCAD frequently occurred in patients with cardiovascular comorbidities, including hypertension (64%), dyslipidemia (64%), and diabetes mellitus (24%). 18 Thus, it is important to consider a diagnosis of SCAD even in older women with cardiovascular risk factors. In many cases SCAD is angiographically subtle, particularly when distal vessels are affected or nonobstructive luminal narrowing is present. The diagnosis of SCAD is reinforced by the absence of angiographic evidence of atherosclerosis in nonaffected epicardial coronary vessels. Although type 1 SCAD may be easily recognized based on the presence of a radiolucent intra-arterial dissection flap, this represents only a minority of SCAD cases. 5, 8 In contrast, types 2 and 3 SCAD are thought to be missed frequently. 4, 5, 19 This is consistent with the current analysis, in which both cases of type 2b SCAD affecting the distal LAD were not identified by clinical providers at the time of coronary angiography. To establish a diagnosis of type 2b SCAD, careful review of angiography by experienced operators may be necessary. In some cases angiography alone may be insufficient to diagnose SCAD. The American Heart Association and European Society of Cardiology position statements on the diagnosis of SCAD highlight the importance of intracoronary imaging with intravascular ultrasound or optical coherence tomography in indeterminate cases to avoid missed diagnoses of SCAD. 5, 20 Cardiac magnetic resonance imaging with late gadolinium enhancement in the territory of the affected artery also supports a diagnosis of MI from SCAD instead of TTS. 21 Although catecholaminergic states have been implicated in the pathophysiology of both TTS and SCAD, mechanisms of disease differ significantly, with direct myocardial effects often proposed as a mechanism of TTS and increased shear stress precipitating vascular damage postulated in SCAD. 1, 4, 5 In addition, based on the Fourth Universal Definition of MI, 22 TTS is categorized as a non-MI myocardial injury, whereas SCAD is considered to be a subset of type 2 MI. The clinical management of TTS and SCAD also differs substantially, with implications for follow-up diagnostic imaging, medical therapy, and post-event monitoring. After SCAD, treatment with b-blockers is recommended to decrease the shear stress and limit propagation of coronary dissection and has been associated with better outcomes. 4 Although dual antiplatelet use is controversial, single antiplatelet use is generally recommended long-term. Patients with SCAD are also recommended to undergo screening for predisposing arteriopathies such as fibromuscular dysplasia, occult aneurysms, and dissections that may require surveillance or treatment. 5 Given the risks of dissection propagation or worsening intramural hematoma, close monitoring is indicated early after presentation. In contrast, in patients with TTS, angiotensin-converting enzyme inhibitors have been associated with better outcomes in observational studies. 3 There is no apparent role for antiplatelet therapy or b-blockers in TTS.
Limitations
This retrospective observational study included patients with a physician-assigned diagnosis of TTS at 2 affiliated academic medical centers who were referred for inclusion in the NYU Takotsubo Registry. We cannot exclude a referral bias to the registry, which may affect the reported prevalence of SCAD and limit study generalizability. The independent expert performed blinded reviews of angiographic images without the clinical context suggestive of TTS. It is unknown whether clinical data and/or review of left ventriculography would have impacted the final diagnoses. The question arises as to whether the SCAD is etiologic for TTS and the wall motion abnormalities observed. Tapering of the vessel due to SCAD can limit angiographic visualization of the terminal portion of the affected vessel. Therefore, it is challenging to determine the area of the LV that best corresponds to the vascular territory affected. In the first definite case of SCAD identified in this study, the extent of SCAD was judged to match the observed wall motion abnormalities, but the relationship in the second case was less clear. Similarly, wall motion abnormalities appeared to extend beyond the affected territory in 3 of 6 cases with angiography that was indeterminate for SCAD and did not correlate with the location of possible SCAD in 1 other case. Unfortunately, intracoronary imaging and cardiac magnetic resonance imaging were not performed as part of clinical care for patients in this cohort. In the absence of confirmatory intracoronary imaging, we cannot exclude alternative diagnoses such as MI with nonobstructing coronary arteries due to occult atherosclerotic plaque rupture and/or thrombosis. Because we were unable to establish a definitive diagnosis of SCAD in 6 cases in this series, the prevalence of SCAD among patients with a provisional diagnosis of TTS may be underestimated and could be as high as 10%.
Conclusions
Among patients with a provisional diagnosis of TTS, SCAD was present in at least 2.5% of cases, and an additional 7.5% of cases had coronary angiography that was indeterminate for SCAD with a wall motion abnormality in the territory of the possible SCAD. Careful review of coronary angiography and intracoronary imaging may be necessary to avoid missed diagnoses of SCAD as the cause of an apparent TTS presentation, even in patients in whom clinical suspicion of SCAD might otherwise be low.
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